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Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company * or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p.Lc., 
pic, P.L.C. or PLC. 

&e-re«iflfration under the Companies Act does not constitute a new legal entity but merely 
wbjedBfre company to certain additional company law rules. 
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I/We request the grant of a patent on. the basis of this application. 


\Z, Name and daytime telephone number of 
person to contact In the United Kingdom 


J R Badger 01527 833264 



After an application for a patent has been fifed, the Comptroller of the Patent Office will consider whether publication 
or communication of the Invention should he prohibited or restricted under Section 22 of the Patents Act 1977. You 
will ^informed if it is necessary to prohibit or restrict your invention in this way. Furthermore, if you live in the 
United Kingdom, Section 23 of the Patents Act 1977 stops you from applying for a patent abroad without Erst getting 
written permission from the Patent Office unless an application has been hied at least 6 weeks beforehand in the 
United Kingdom for a patent rhr the same invention and either no direction prohibiting publication or 
communication has been given, or any such direction has been revoked 

Notes 

a) If you need help to fill in Ods form or you liave any questions, please contact the Patent Office on 08459 500505. 

b) Write your answers in capital letters using black ink or you may type mem. 

c) If fberc * not enough space fur all the relevant details an any part of this form, please continue on a separate 

sheet of paper and write "see continuation sheet-* in the relevant part(s). Any continuation sh&ct should be 
attached to this form. 

d) If you have answered 'Yes' Patents Form 7/77 will need to be Sled 

c) Once you have filled in the form you must remember to sign and date it 
& For details of the fee and ways to pay please contact the Patent Office. 
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DIAGNOSTIC TOOL FOR AN ENERGY CONVERSION APPLIANCE 

The present invention relates to a diagnostic tool for an energy 
conversion appliance and particularly but not exclusively to an appliance which 
utilises more than one form of energy and / or medium. The diagnostic tool may 
for example be used with heating, ventilating and air conditioning appliances. 

increasingly, diagnostic tools are being embedded into control systems 
of appliances. Not only does this aifow service engineers to rapidly diagnose 
faults, but, with the rapid increase of connectivity technology, diagnostic data 
can be sent via telephone or other communication channels to "back-end" 
systems where sophisticated diagnostic and predictive algorithms can be run. 

The advantage of a pre-diagnostic tool to the Service provider is that 
fault repair can be accomplished in one visit to the customer's premises, while 
the predictive nature of the system means that preventative maintenance can 
be applied during annual service visits. 

The advantage to the Customer is reduced system problems and very 
rapid repair of faults. 

Currently these systems are mainly applied to new appliances, which 
means that it will be many years before the installed population of these devices 
reaches a level to make economic sense to the service provider. 

This invention may be applied to, heating and 1 air conditioning appliances 
employing combustion processes for the heating source. In this case the 
description relates to a device to bB used in a domestic central heating boiler. 
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In these types of system the sequence of the control functions is critical 
to the safe operation of the appliance. Many of the international regulations for 
these types of appliances dictate the correct operating sequence that must 
apply- 
Thus monitoring this sequence and detecting variations in and 
interruptions to the sequence provides significant diagnostic data. 

To duplicate the data available to an embedded diagnostic tool with a 
retrofit tool would mean obtaining access to the control and sensor signals 
within the appliance control system. The intrusive nature of this activity could 
well compromise the integrity of the control or. at least, be very time consuming 
in installation. 

The invention described is thus particularly suitable for a retrofit 
dlagnosfic tool that can be easily installed into an existing appliance, which 
extracts different data from, but provides the same, if not improved, functionality 
as an embedded system. A key feature of this invention is that it is minimally 
intrusive into the appliance control system and thus very simple to install. 

The Invention uses a microphonic sensor coupled to a sound recognition 
engine to identify, discriminate and log the acoustic signatures of events within 
the operating sequence of an appliance. 

An event is defined as a change of state of a component, or components, 
of the operating or control system of the appliance. As an example FIG 1 
tabulates a typical event sequence of a simple domestic gas central heating 
boiler 

Typically, the sound recognition engine could be an adaptation of a type 
of voice recognition system. These systems, commonly found in mobile 
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telephones and other applications requiring voice tagging or control, are very 
robust in the presence of background noise and the technology is becoming 
well known and reliable. 

Typically, the too! will record the event sequence when the boiler is 
known to be operating correctly and efficiently, for example Immediately 
following a service, and use this pattern, for reference, for comparison with 
subsequent measurements. Subsequent recordings of the data can be collected 
in memory, preferably non volatile, and used, by the tool, to extract diagnostic 
information, or be made available, as a data stream, on a regular basis, to 
transmit over a communication channel to a local, or remote monitoring device 
e.g. a computational system. 

Further, the tool will monitor certain individual or combinations of, 
elements of the system where variations in the acoustic signature, with time, will 
provide significant diagnostic data. An example would be monitoring of the 
flame to detect, for example, blockage conditions in the gas valve or monitoring 
of the fan to detect, for example, fouling of an Impeller. 

Further the tool can be used, in the event of a failure, to analyse the 
failure mode by reference to where in the sequence of events the failure 
occurred and extract significant diagnostic information even to component level 

Referring to FIG 2, the invention comprises: 

A microphonic sensor (1) coupled to a sound recognition. engine (2). The 
recognition system (2) is tuned and programmed to identify individual events 
within an appliance operating sequence by recognising the acoustic signature of 
that event. 
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This acoustic sensor system can be used alone, or in conjunction with 
other sensors to obtain diagnostic information about the appliance. 

A non-volatile memory (3) for storage of the processed data. 

A processing unit (4) to process the data from the recognition engine (2) 
to organise and store, in the memory, the data into a sequence of events with 
respect to time; to recognise a failure of the appliance and analyse the 
diagnostic information associated, with where In the sequence the feilure 
occurred, initiate an alarm sequence and transmit an immediate alarm 
message; to monitor the acoustic signature of individual elements of 
components of the system and record variations fn these signatures as 
diagnostic data or a measure of efficiency and to initiate and control the 
transmission of data to an external system. 

A communication channel (5) to enable communication of the diagnostic 
data to a local or remote computational system on an immediate or regular 
basis. 

In accordance with the present diagnostic tool a single microphonic 
sensor may be employed to receive acoustic signals from more than one source 
or type of source. 
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Boiler Type I Typical I 



Condition 1 Normal Operation j Sequence A 



Event Number 


Event 


Time 


Comment \ 


0 






External Thermostats supply power 


1 


Power on 


0 


there Is no permanent five on this boler 


2 


Water flows 


0 




3 


Relay B operates 


1 






l > 4 


Relay A operates 


2 


assumes PS ok, Boiler stat calls. 




5 


Fan Runs 


2 






6 


Air pressure switch operates 


3 






7 


Gas valve 1 operates 


3 . 


Pilot valve solenoid ! 




8 


Intermittent spark 


4 






9 


Pilot established 


5 






10 


Relay B de-eneralses 








11 


Spade stops 


6 






12 


Gas valve 2 operates 


6 


Main gas valve solenoid 




13 


Main burner cross lights 


7 












Delay until boiler thermostat satisfied 




14 


Relay A de-energlses 


8 






15 


Gas valve 1 De-energises 


6 






16 


Gas valve 2 Da-energises 


8 






17 


Flames extinguished 


6 






16 


Fan stops 


8 






19 


Air pressure switch releases 


9 






20 


Relay B operates 


10 












! Delay Until Boiler thermostat calls 




— 21 


Boiler temperature sensor calls 


11 












22 


Power off 


12 


External thermostats satisfied. 


23 


Flames extinguished 


13 




24 


water flow stops 


14 




25 


Fan stops 


15 




26 


Relay A de-energises 


16 




27 


Air pressure switch releases 


1V 





FIg1 
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